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TREATMENT WITH CYTOKINES 



This invention relates to the use of cytokines in the diagnosis, treatment 
or prophylaxis of diseases. More particularly, the present invenflon relates to 
the use of c^kines to diagnose or treat non-neoplastic or non-Ieukaemto 
diseases such as autoimmune diseases or neurodegenerative disorders. 

In the description which follows, the present invention will l;>e described 
with particular reference to the most preferred embodonent of the Invention 
which relates to the use of the cytokine interleukin-10 in the diagnosis, 
treatment or prophyla)ds of the neunDdegenerative disorder Alzheimer's 
disease. It Is not Intended to restrict the soope of the present Invention to this 
one embodiment since the present invention finds equal utility In other 
disorders such as autoimmune diseases, for example multiple sclerosis, 
myasthenia gravis, systemic lupus erythramatosus, diabetes mellltus and 
asthma* other neurodegenerative disorders for example Parkinson's disease, 
motor neurone disease and Alzheimer's disease; chronic inflammatory 
diseases such as rheumatoid arthrftis; and other diseases where the 
modulation of T-Cell function is desirable such as HJV-mfection and AIDS. 

Similarly, the invention has utility with all cytokines, not solely Interleuldn- 
10 and hence it is intended to Include cytokines such as interleukin-1 (a or p), 
interieukirh-2, interleukin-^, interleukirv4, irrterieukin-5, inter1eukin-6, 
[nterleukln-7, interleukin-8, interldUkin-9, interleukin-1 0, interleukin-1 1 , 
interieuldn-12, interleukin-13, interieuldn-14, interIeukin-1S, interieukin-16, 
interieukin-17, interferorHx, interferon-^, interferon-Vi TNF-ot, TNF-p, G-CSF, 
GM-CSF. M-LSF, and TGF-p, in tiie scope of the present invention. 

The major cause of cognitive decline In the elderly Is Alzheimer's disease 
(AD). Because of longer life spans worldwide, the number of people that will 
be affected by AD is estimated to triple over the next 50 years (1). AD Is a 
clinical syndrome charactetised by complex and heterogeneous pathogenic 
mechanisms. The recognised genetic factors Include mutations of the gene 
encoding the amyloid precursor protein (2), presenilin 1 and 2 (3, 4), which 
account for a small part of familial and usually early-onset AD cases. Genetic 
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factors have been also associated wrth the sporadic or non familial form of the 
disease and the allele e4 of the apollpoprotein E (Apo E) significantly 
increases the risk of AD, but Is neither necessary nor sufficient for the 
development of the disease (5- 7). Therefore other genetic and environmental 
fectors are likely to be Implicated and are actively investigated. 

Molecules that take part In the inflammatory (cascade are of great Interest, 
because inflammation has repeatedly been suggested to be associated wifli 
the neurodegenerab've process characterlstio of ^e AD bialn (8). Thus, 
reactive astrocytosis is observed both in the cortex and in the hyppocampus 
Of these patients and the gl^l cells are also activated within or near the 
neuritiC plaques. Over-ejqjresslon of cytoiclnes and other inflammatory 
molecules are common features of the AD brain pathology (9). Addrtionally, 
er^emlologlcal studies showed that the long term use of non steroid anti- 
inflammatory drugs b associated with a decreased incidence of AD in a co- 
tuvin control study (10) and several other dlnical studies confirmed a 
decreased association of M> in individual treated with anti-Inflammatory drugs 
(11) including COX2 specific Inhibitors (12). These findings support the 
hypotheste that inflammation might contribute to the neurodegeneration 
assodated with AD (13). 

In the attempt to better understand the biologic correlates of AD the 
possible roie of several cytokines and chemoltines has been recently 
Investigated. Virtually all the mediators analyzed In these studies. Including IL- 
1b, IL-6. TNF-a. IL-8, TGF-b and macropiiage inflammatory prolein-1a (MIP- 
1a). have been suggested to be up-regulated in AD compared to non 
demented controls (14- 18). On the contrary, conflicting results are obtained In 
relation to the immunomodulatory cytokine IL-10, a type-2 t^okine that 
suppresses T lymphocytes and cell-mediated Immunity in humans and mice 
and has potent anti-inflammatory properties (19- 21). 

The gene encoding lL-10, mapped to chromosome 1 between 1q31 and 
1q32, is highly polymorphic. IL-10 production ts conelated to btallelic 
polymorphisms at positions: -1082 (guanine to adenine substitution), -819 
(timins to cytosfne substitution), and -592-(adenine..to c^osine substitution). 
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These alfeiic variations are associated with measurable differences in IL-10 
production by antigen- and mitogen-stimulated peripheral blood lymphocytes. 
In feet these polymorphisms occur in the regulatory region of the gene and 
are associated with high. Intermediate or low IL-10 production (22). 

The present inventors Investigated beta amyloid-stimulated IHO 
production by peripheral blood lymphoc^es of AD patients and of age- 
matched healthy controls. Because the generation of this cytokine was 
significantly reduced In AD patients. IL-10 polymorphisms were analysed in 
these same Individuals. Results showed that the high lL-10-producing allele Is 
extremely rare in AD patients. 

Specifically. IL-10 genotypes are difFsrently dlstribuled when AD are 
compared with HC (x^ = 16.007: p=0.007). Therefore genotypes 
corresponding to reduced IL-10 production have a significantly higher 
distribution amongst AD subjects (table I). The presence of low-IL-10- 
producing genotypes Is associated with a worsened clinical outcome of AD as 
follows: 1) earlier age at disease onset (Table II); and 2) faster disease 
progression (MIMSE 8corB)(Tabie HI). 



Table I. IL-10 genotype distribution 





AD 


HC 


AD 


HC 


Genotype (c) 


n-47 


n=26 


% 


% 


GCC/GCC (H) 


1 


7 


2 


28 


GCC/ACC (M) 


10 


9 


21 


36 


GCC/ATA <M) 


11 


3 


23 


12 


ACC/ACC (L) 


8 


1 


17 


4 


ACC/ATA (L) 


12 


4 


26 


16 


ATA/ATA (L) 


5 


1 


11 


4 



The frequency of the different genotypes among Alzheimer's disease 
patients (AD) are statistically different firom those of the health controls 
(HC). = 16.007. dl^ 5. p= 0.007. In the brackets (c) there are the 
corresponding phenotype high (H), Intermediate (M), low (L). 
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Table II. IL-10 gencHype distribution and age at onset 



Genotype 


mean 




8EM 


GCC/GCC 


76 


/ 


/ 


GCC/ACC 


75.00 


8.B7 


3.03 


GCC/ATA 


67.33 


8.2 


2.73 


ACC/ACC 


76.20 


8,79 


3.93 


ACC/ATA 


77.17 


4.07 


1.66 


ATA/ATA 


65.75 


1.71 

a H ■ • * 


0-B5 



and the age at onset ANOVA: p= 0.042. 

Table ill. IL-10 genotype distribution and IVIMSE 



Genotype 


mean 


S.D. 


SEM 


GCC/GCC 


18 






GCC/ACC 


21.75 


5.5 


1.94 


GCC/ATA 


16.33 


5.68 


1.89 


ACC/ACC 


10.80 


7.5 


3.35 


ACC/ATA 


13.83 


5.19 


2.12 


ATA/ATA 


22.5 


1.73 


0.87 



and l\/IMSE ANOVA: p= 0.010. 

Chronic inflammation is suggested to be Invoived in the 
neurodegenerative process characteristic of AD (24. 25); this suggestion 
stems from both 'm vivo and ex adjuvantbus criteria. Hence, inflammatoty 
mediators and activated glial cells are observed to be closely associated 
with neurltic plaques In vivo. Furthenmore, recent data Indicate that anti- 
inflammatory therapy couid be useful in modulating disease progression 
(10- 12). Despite this vast body of evidence, the biologic conelates of AD 
are still unclear. To shad light on this problem, focused attention vies on 
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lL-10. This cytokine is a pivotal regulatory (^okine Involved in many 
facets of the Immune response and is dysregulated In human autoimmune 
(26). malignant (27- 31). and infeeUoua (32- 35) diseases. More recently it 
has been stiovMi thdt^e presence of geneticaliy-detennined higher levels 
Of lL-10 secretion Is an important component of the genetic background to 
systemic lupus erythematosus <36) and to the outcome of Infectious 
disease (37). It has also been demonstrated that IL-10 secretion, resulted 
from in vitro stimulafion of human peripheral blood leukocytes with LPS. 
varies markedly between indivkiuals and that cytokine hapiotypss are 
associated with difiisrent secretion levsis (38). In addition, differences in 
iL-10 serum production by cells of patients and of their first-degree family 
members (37, 39), as well as difPsrences In the distribution of IL-10 
alleles, suggested the Involvement of the different Isofonns of the IL-10 
gene as an Important quantitative trait tod for human disease in Infections 
(37, 40), autoimmune (26, 36, 41, 42) and malignant disease (43). 

The present inventors initially analyzed LPS-. Flu. and amyloid 
peptides- specific IL-2 and IL-10 production by peripheral blood 
mononuclear cells of AD patients and age matched HC. Results showed 
that: 1) lL-2 production by PBMC of AD patients and controls was similar 
In ail the conditions measured; and 2) IL-10 generation by LPS- and Flu - 
stimulated PBMC was comparable similar amongst the two groups of 
Individuals. In contrast, an amyloid-specific immune impalmnent 
characterized by a reduced generation of IL-10 was present in AD. The 
observation that this cytokine Imbalance was not seen in mitogen- 
stlmulaled PBMC Indicates that amyloid-specific immune responses are 
selectively Impaired in AD patients. Additionally, results showing that flu- 
slimulated proliferatton was similar in patients and controls indicates that 
antigenic processing and presentation In association with HLA dass H 
molecules, and the CD4-HLA dass II self-restricted pathway of activation 
of the Immune system (44). are not defective In these patients. 

Next polymorphisms were analyzed in the IL-10 gene in the seme 
group of subjects. Results slamming from analysis of the dfetribution of 



31. MAY. 200-2 17:00 



SHP BRISTOL 



NO. 1575 P. 



6 



the IL-10 alleles In this Italian sample of healthy individuals showed a 
close similarity to those reported for other caucasic populations { 45). In 
contrast, we observed a significantly higher frequency of the genotypes 
corresponding to reduced iL-10 production (ACC/ACC, ACC/ATA and 
ATA/ATA) in AD patients. Thus, an abnormally augmented prevalence of 
low-IL-10 producing isoforms In the AD population was detennined; the 
phenotypic correlate of these isoforms becomes evident when amyloid- 
specific Immune responses were measured. 

Subsequent analyses focused on possible correlations between 
impaired IL-10 production and the clinical manifestations of AD by 
V^rif/ing whether the presence of low/intermediate IL-10 produdng 
genotypes would be are associated with different disease outcomes. 
Results Gonfirmed this to be the case. Thus, the presence of the ATA/ATA 
and of the GCC/ATA genotypes was correlated with an earlier age at 
disease onset Additionally, the ACC/ATA and the ACC/ACC (all these 
are low/intenmediste IL-10-producing geriofypes) alleles were associated 
wfth a more severe cognitive impairment as indicated by a lower MMSE 
scorB. 

It is interesting to obsenre that a recent report on Italian centenarians, 
Indh/lduals that -by definition- are less prone to develop age<related 
diseases, has demonstrated that extreme longevity is associated with a 
significantly higher frequence of the high IL-10-produclng genotypes (46). 

IL-10 is known to have potent antiinflammatory properties (47); a 
biological scenario could thus be hypothesized in which the reduction of 
amyloid-specific IL-10 production would favor the triggering of the chronic 
inflammatory process seen In the progression of AD. These results 
suggest that an amyloid-specific and IL-10-medIated Inhibitory feed-back 
drcult may be active in non-AD individuals; the r^jpture of this circuit could 
be associated wHh/predlctive for the development of AD. Recently, a 
convincing study showed that an IL-10/pro^nflammatory circuit thai 
revolves around cells of the Innate Immune system regulates suscepOsllity 
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to autoimmune diseases (48). These results are expanded by showing 

that an alteration of this circuit is present in AD patients. 

These data« support the rote of inflammatory processes In the 

pathogenesis of AD: reinforce the hypothesis that in AD patients 

neurodegeneration is tightly associated with an aberrant antigen-specific 
Immune response; and lend further support to the use of antiinflammatory 

(X^mpounds in the therapy of this disease. 

Accordingly, the present invention provides a phamiaceutical composition 

comprising a cytokine in the preparation of a medicament for the treatment or 
prophylaxis of disease excluding neoplastic diseases, leulcaemlas, and acute 
Inflammation. Prel^rabty the disease (s a neurodegenerative disorder or an 

autoimmune disease. IVIost preferably the disease is selected from the group 

comprising multiple sclerosis, myasthenia gravis, systemic lupus 

erythramatosus, diabetes meflitus, asthma, Parkinson's disease, motor 
neurone disease, Alzheimer's disease, chronic inflammation rheumatoid 

arthritb, HIV-infection and AIDS, 

Preferably, the cytoi<ine is selected from the group consisting of 
interleukin-1 (a or p), interIeukin-2, interleukin-3, interleukin-4, interieukin-5, 
Interleuldn-B, interteukln-7, interleukln-B, interleukin-9, lnterleukin-10, . 
interleukin-11, Interteukin-12, interteukin-13, interleukin-14, interleukin-15, 
interfeukin-16, interleukin-17, infe^rferon-a, interferon-^, interferon-y, TNF-a, 

TNF-p, G-CSF. GM-CSF, M-LSF, and TGF-p. 

Most preferably the cytokine is an Interleukin, especially inter1eukln-10. 
In a further aspect of the invention pofymorphlc regions have been 
klentified, which polymorphs are indicative of a dysfunction of cytokine 
production and hence are assodaled with a predisposition towards an 
autoimmune, neurodegenerative or chronic inflammatory disease. 

Accordingly, in a second aspect the invention provides a method of 
determining a predisposition to Alzheimer's disease, autoimmune disease or 
otherneurodegeneralive diseases, the method comprising taking a DMA 
bearing sample from a subject animal, and analysing the sample for the 
presence or absence of the ailelies of Figure 2. 
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In a further aspect the invention provides DNA fragments and cDNA 
fragments encoding the allelic polymorphs of Figure 2 for use in the above 
described method. 

The invention also provides a method of treating Afzheimer's disease, 
autoimmune diseases or oiher neurodegenerative disorders by the 
modulation upregulation or downregulatlon of the gene of the allelic 
polymorphisms of Figure 2. 

Embodiments of the invention will now be described by way of example 
only, with reference to the following examples. 

Patients and controlB 

Forty-seven AD patients and 25 non-demented subjects (HC> were 
included in a study of Alzhelmei's disease. These patients were selected from 
a larger population sample followed at the Geriatric Department of the 
Ospedale Maggtore IRCCS, University of Milan, Italy. The DMS IV and 
NINCDS-ADRDA (23) criteria were adopted to obtain the clinical diagnosis of 
AD. Cognlth^e performances and alterations were assessed accoiding to the 
Mini-Mental State Evaluation (MM8E). AD patients and HC were living at 
home and were carefully physical examined on the day of blood collection and 
their ofinical records evaluated. In order to minimize the risk of ciliiical or sub- 
clinical Inflammatoiy processes^ all the patients were selected as follows: only 
AD and HC without clinical sign of inflammation (e.g. normal body 
temperature or absence of concomitant inflammatory disease) were Included 
In the sludy. Blood chemical parameters were also evaluated and subjects 
with abnormal sedimentation rate of red blood cells or altered blood profile of 
albumin and transfemng plasma levels were excluded. A further selection of 
AD patients were performed according to the C reactive protein (CRP) 
plasma levels and those patients with CRP above 5 mg/l (mean value ± 2 
standard deviations of control values) were not enrolled in the study. 

Inlbmied consent to perfomi the study was obtained from controls and a 
relative of each AD patient. 



? 
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Blood sarriple oollection 

Whole blood was collected by venipuncture In Vacutalner tubes 
containing EDTA (Becton Dickinson Co, Rutherford, NJ). Peripheral blood 
mononuclear cells (PBMC) ware separated by centrifugatlon on lymphocyte 
separation m^ium (Organon Teknlca Corp., Durham, NC) and washed twice 
'm PBS. The number of viable lymphocytes was detemnlned by bypan blue 
exclusion and a hemocyiomater. 

in vftro cytokine oroductton 

PBMCs were resuspended at ZuiQ^/ml in RPMI 1640 and were either 
unsfimufated or stimulated with LPS (Sigma, St Louis, MI)(1Q g/mi},wlth a 
pool of 3 different peptides from the b-amyloid proisin as follows: b-A: 
fragment 25-35 (2S mg/ml): b-B: fragment 1-40 (150 ng/ml); b-C: fragment 1- 
16 (160 ng/mi) (Sigma. St. Louis, Ml); or with influenza virus vacdne 
(A/Taiwan+A/Shanghai+By\/lctoria)(24 g/l; final dilution 1:1000)(Flu)(contiol 
antigen) at ZT'C in a moist 7% CO2 atmosphere. Supematants were 
harvested after 48 hours for LPS stimulation and after 6 days of culture forth© 
b-amylold protein peptides and Flu. Production of IL-2 and IL-10 by PBMCs 
was evaluated with commercial available ELISA kits (ACCUCYTE, 
Cytimmune Sciences. Inc. College Paik. MD). All test Wis were used following 
the procedures suggested by the manufiacturer. 

IL-ib QenotVDinQ 

Genomic DNA was extracted fron\ EDTA-treated peripheral blood (10 ml) 
using a standard proteinase K and phenolfchlorofbmn method. The DNA 
concentration and purity were detennined by spectrophotometric analysis. A 
polymerase chain reacfion-sequence specific primers ff*CR-SSP) 
methodology was utilised to assess the IL-10 genotypes. The amplification of 
the sequence in the promoter region of the IL-10 (polymorphic positions - 
1082, -819, -592) gene were performed using the Cytokine ger^otyping Tray 
Method (One Lambda, Canoga Park, CA, USA); the human b-globin gene 
was amplified as an Internal control of genomic DNA preparation. PCR 
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oonditlbn were Indicated by One Lambda PGR program (OLl-1); the PCR 
products were then visualised by electrophor^is in 2.5% agarose gel. 

Statistical analysis 

Statistical analysis was conducted using SPSS statistical package (SPSS, 
Chicago, IL). Differences In IL-I6 production stemmed from analytic 
procedures based on non parametric analyses (Mann-Whitney); comparisons 
between different groups of patients were made using Fisher's exact 2-tailed 
test Genome frequencies were compared between the study groups by o^ 
test vwth an observed significance level of the test below 0.05. Comparisons 
betyyeen the mean values of the age at onset and MMSE In the sbc different 
groups of AD were performed by one^y ANOVA analysis. 

Aqb. gender and MI^SE scores In AD patients and in HC 

Forty-seven AD patients and 26 age-matched heaitiiy controls were 
enrolled In the study. The Mini-Mental State Evaluation (MMSE) showed the 
presence of a mild-to-severe cognitive deterioration in the AD paOents. TTiese 
data are shown In Table I. 

MBP-stimulated IL-10 production is reduced in AD patients 

PBMC of 47 AD patients and of 25 age-and sex-matched HC were 
stimulated with a mitogen (LPS); a pool of 3 annvloid peptides ( A: fragment 
25-35. B: fragment 1-40, and C: fragment 1-16)( amyloid), or Flu (used as a 
control antigen) and the production of IL-2 and lL-10 was measured with 
ELISA methods. No dififerences were seen when LPS- or Flu-stimulated IL-2 
and IL-10 production was compared in AD patients and HC amyloid- 
stimuteited iL-2-production was also similar in the two groups of individuals 
studied. In contrast with these results, amyloid-stimulated production of IL-10 
was significantly reduced (p= 0. 023) in AD patients compared to controls. 
These data are sirawn in Figure 1. 
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The distribution of high, intermedrate. and tow IL~1Q producing aenotvpes is 
al<ewed in AD patients 

Paradigmatic example of the six different IL-10 genotypes, evaluated by 
PCR-SSP, rs showed in Fig. 2 and thefr relative distribution among a typical 
caucasic population sample Is shown In Table 11. In contrast with the 
distribution observed in HC. the frequency of the different IL-10 genotypes 
among AD patients was significantly skewed (c^ = 16.007 with p=0.007) 
(Table II). Thensfore genotypes corresponding to reduced IL-10 production 
(ACC/ACC, ACC/ATA and ATA/ATA genotypes) had a srgnificsntly higher 
distribution amongst AD subjects (17%, 26% and 11% r^pectively versus 
4%, 16% and 4% In HC). Moreover the GCC/ACC to GCC/ATA ratio 
(intsmiedlate phenotype) was 1:1 In AD while was 3:1 In HC. 

Low IL-1Q orodutitlnn Is correlated with worsened dintcal outoome of AD 

To analyse possible clinical correlates of the presence of low IL-10 
genotype, we subsequently examined the six genotypes in relation to age of 
AD onset (Table 111) and the progression of cognitive deterioration (Table IV). 
The results confirmed that the presence of low-iL-10-producing genotypes is 
indeed associated with a worsened clinical outcome of AD. Thus, presence of 
the ATA/ATA and GCC/ATA genotypes was associated with an eariier age at 
disease onset (ANOVA: p=0.042)CTabie III); additionally, an inverse 
correlation was detected between ACC/ATA and ACC/ACC, low IL-10- 
produdng genotypes, and the MMSE score (/\NOVA: p=0.010)<Table IV). 

Figure 1. LPS- and amyloid- (a pool of 3 amyloid peptides: A: 
Augment 25-35; B: Iragment 1-40: and C: fiiagment 1-16) stimulated IL- 
2 (panels A and C) and IL-10 (panels B and D) production by PBMC of 
47 AD patients (O) and 2S age-and sex-ma*ched healthy contrxjls (O). 
Mean values + standafd ennors are shown, p < 0. 05. 

FlgutB 2. Paradigmatic example of iL-10 genotyping for six drffisrent 
samples. In each gel the heaviest bands conespond to the amplioons of the 
human b-globin gene which is used as the internal controls. The oth^ spedflc 
amplified DNA fragments correspond to the polymorphisms of the IL-10 gene: 
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CLAIMS 



1 . Use of cyioklnes in the preparatior) of a medicament for tiie treatment 
or prophyiaxis of diseases which are not neoplastic. 

2. Use according to claim 1, characterised in that the disease (s a 
neurodegenerative disorder or an autoimmune disorder. 

3. Use according to claim 1 or claim 2. characterised in that the use is for 
Alzheimer's disease. 

4. Use according to any one of claims 1 to 3, characterised in that the 
cytoldnes is selected from {niei1eukin-1 (a or p), interieukin-2, 
intei1eukln-3, interieuIcin-4. interleuktn-5, interieukbi-6, interteukin*?. 
lnterieukin-8, interleukln-S. lnterieuldn-10, interleuklrk-ll, intei1eukin-12^ 
interi0ukin-13. [nterieukin-l4, interieukln-15, inter1eukln-16, int^eukin- 
17, InteriferorHx, interferon-p, InteriTeron-y. TNF-a, TNF-p, G-CSF, GWI- 
CSF. M-LSF, and TGF-p. 

5. A method of determining a predisposition to Alzheimer^s disease, 
autoimmune disease or other neurodegenerative diseases, the method 
comprising taking a DNA bearing sample from a subject animal, 
analysing the sample for the presence or absence of the ailelles of 
Figure 2. 

6. A method of treating Alzheimer's disease, autoimmune disease or 
other neurodegenerative disorder by the upnegulation of one of the 
allelic polymorphisms of Figure 2. 

7. A method of treating Alzheimer's disease, autoimmune disease or 
other neurodegenerative disorder by the downregulatlon of one of the 
alielic polymorphisms of Figure 2. 
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8. DMA fragments and cDNA f):agmenis encoding the allelic polymoiphs 
of Figure 2 for use in the method of daon 5. 
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ABSTRACT 



An Inflammatory process e suggested to be involved in the pathogenesis 
of Alzheimei's disease (AD), a neurodegenerative disorder cliaracterized by 
the presence of neuritlc plaques witliln the cerebral cortex that are mainly 
composed of a small Insoluble protein of 40-42 aminoaclds (amyloid protein). 
The biological correlates of this process are nevertheless not dear. 
lnterleukin-10 (IL-10) is a cytokine that suppresses T lymphocytes and cetW 
mediated Immunity in humans and mice and has potent anti-inflammatory 
properUes. To verify if IL-10 production would be impaired in AD patients we 
stimulated PBMC of 47 patients and 25 age-matched healthy controls (HC) 
with a mftogen, a recall antigen or with amyloid peptides. IL-2 production 
was measured as well in the same cultural conditions. Results showed that 
amyloid-specific IL-IO generation is selectively and significantly reduced In 
AD patienis (p= 0.023). Analyses on the alleles of the IHO gene revealed 
that the genotype associated with high IL-10 production Is extremely 
Inft^iuent in AD Individuals (2% vs. 28%). The presence of low/intennediate- 
IL-lO-produclng genotypes (GCC/ATA; ATA/ATA) was assodated wrtth an 
earlier age at disease onset and (ACC/ACC; ACC/ATA) with an accelerated 
rate of disease progression. These data shed light on the biology of the 
Inflammatory process involved in the pathogenesis of AD by showing that the 
presence of low-ll^lO-allellc teoforms results in an amyloid-specific 
Impalnnent of IL-10 production and ts assodated with the clinical severity of 
AD, These results lend support to the use of anti-Inflammatory compounds in 
the therapy of this disease. 
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